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(57) Abstract: Disclosed is a flexible graphite structure that can be used as a
heat dissipation sheet of a flexible electronic device through a graphite sheet
unit including a stretchable area formed as a cut area or an overlapping area. A
disclosed flexible graphite structure includes: a graphite sheet unit comprising
a single graphite sheet layer or multiple graphite sheet layers having at least
one stretchable area; and a stretchable sheet layer configured to be attached to
at least one of both outermost sides of the graphite sheet unit and to cover the
at least one stretchable area, wherein the at least one stretchable area is formed
by providing at least one pair of cutout areas in the single graphite sheet layer
or by providing an overlapping area where the single graphite sheet layer or
the multiple graphite sheet layers overlap.
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Description

Title of Invention: FLEXIBLE GRAPHITE STRUCTURE

Technical Field

The present disclosure is a flexible graphite structure formed by using a graphite
sheet unit including a stretchable area by a cutout area or an overlapping area as a heat
dissipation layer, and bonding a stretchable sheet layer to at least one outermost

surface of the graphite sheet unit for protecting the graphite sheet unit.
Background Art

As portable/mobile devices, such as cameras, mobile phones, mobile computers, and
tablets, have evolved over several decades, the needs and capabilities of these devices
have also evolved. In each generation of devices, devices have been enabling users to
create, modify, and deliver content from their devices, as well as being able to provide
more content to their users in a more user-friendly format at ever higher bandwidth
than ever before. As the convenience of these devices has been improved, the power
requirements for the devices have increased, and the technology associated with the
batteries of these devices has been improved. Today's generation of devices contain
more energy, generate more power, and as a result generate more heat. In addition to
batteries, the hardware items of devices (e.g., radio units, displays, and processing
units) have also become more robust, which have likewise created additional thermal
issues for these devices.

In order to solve such a thermal problem, a technique for attaching a graphite sheet
layer having high thermal conductivity to a heat generating portion of an electronic
device has been devised. When a graphite sheet layer is attached to the rear surface of
a portion where a lot of heat is generated in an electronic device, the thermal con-
ductivity in the plane direction of the graphite sheet layer is relatively large compared
to the thermal conductivity in the thickness direction of the graphite sheet layer. Thus,
heat diffuses and moves efficiently, and through this, heat generated in the electronic
device is radiated to the outside through the graphite sheet layer.

In recent years, as the technology of portable/mobile devices has been further
developed, devices equipped with various displays, such as a flexible display which is
bendable, and a foldable display which folds and unfolds, have been developed. In
order to dissipate heat from such a device, flexibility of a heat dissipation sheet itself is
required. However, the use of a graphite sheet, which is excellent in horizontal heat
transfer characteristic, in flexible electronic devices has been limited due to its low
flexibility.

Disclosure of Invention
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Technical Problem

The present disclosure is to solve a problem in that it is difficult to use a graphite
sheet as a heat dissipation sheet in a flexible electronic device due to the low flexibility
of the graphite sheet, and provides a flexible graphite structure that can be used as a
heat dissipation sheet of a flexible electronic device via a graphite sheet unit including
a stretchable area including a cutout area or an overlapping area.

Solution to Problem

A flexible graphite structure according to an embodiment of the present disclosure
includes: a graphite sheet unit including a single graphite sheet layer or multiple
graphite sheet layers having at least one stretchable area; and a stretchable sheet layer
configured to be attached to at least one of both outermost sides of the graphite sheet
unit and to cover the at least one stretchable area, wherein the at least one stretchable
area is formed by providing at least one pair of cutout areas in the single graphite sheet
layer or by providing an overlapping area where the single graphite sheet layer or the
multiple graphite sheet layers overlap.

The overlapping area may be formed by providing at least two foldable portions in
the single graphite sheet layer such that the overlapping area is provided between the
foldable portions or may be formed by overlapping portions of the multiple graphite
sheet layers.

The at least one pair of cutout areas may be provided in a point symmetric manner in
the single graphite sheet layer, and the single graphite sheet layer may be connected in
one sheet in the other areas than the cutout area.

The at least one pair of cutout areas may have a smaller length than the graphite sheet
layer in a direction perpendicular to a stretchable direction of the flexible graphite
structure.

The length of the at least one pair of cutout areas may be 90% or less or 75% or less
of the length of the graphite sheet layer in the direction perpendicular to the stretchable
direction of the flexible graphite structure.

The at least one stretchable area may include a void space extending in the direction
perpendicular to the stretchable direction of the flexible graphite structure.

The void space may be defined between a graphite sheet layer provided in another
area than the overlapping area and a graphite sheet layer provided in the overlapping
area, or defined by the at least one pair of cutout areas.

If a force is applied to the flexible graphite structure, the graphite sheet unit may be
extended, the stretchable sheet layer may be elongated in a direction where the graphite
sheet unit is extended, and the width of the overlapping area may be reduced.

If the force is released, the stretchable sheet layer may be contracted and the width of
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the overlapping area may be increased.

If a force is applied to the flexible graphite structure, the graphite sheet unit may be
extended, the stretchable sheet layer may be elongated in a direction where the graphite
sheet unit is extended, and the size of the void space of the at least one pair of cutout
areas may be increased.

If the force is released, the stretchable sheet layer may be contracted, and the size of
the void space of the at least one pair of cutout areas may be reduced.

The graphite sheet layer may include a graphitized polymer or compressed particles
of exfoliated graphite, or a combination thereof.

The stretchable sheet layer may include at least one selected among the group
consisting of polydimethylsiloxane (PDMS), an epoxy resin, a styrene-based material,
an olefin-based material, polyolefin, polyurethane, thermoplastic polyurethane, a ther-
moplastic elastomer, polyamides, synthetic rubbers, polybutadiene, polyisobutylene,
polychloroprene and silicones.

The stretchable sheet layer may have an elongation of 175% or greater, 200% or
greater, or 250% or greater.

The stretchable sheet layer may include a thermally conductive material.

The graphite sheet layer may have a thickness of 15 um -19 um, or 16 um -18 pm.

The graphite sheet unit may include an adhesive layer provided in the graphite sheet
layer, wherein the graphite sheet unit may have a uniform thickness.

The adhesive layer may include at least one selected among the group consisting of a
pressure sensitive adhesive (PSA), a thermosetting adhesive, a photo curable adhesive,
an optical clear adhesive (OCA), an optical clear resin (OCR), a double-sided adhesive
film, and a single-sided adhesive film.

When the adhesive layer is formed between the multiple graphite sheet layers spaced
from each other, the adhesive layer may be a double-sided adhesive film.

When the adhesive layer is formed between the graphite sheet layer and the
stretchable sheet layer, the adhesive layer may be a single-sided adhesive film.

The single-sided adhesive film may be bonded to a surface facing the graphite sheet
layer.

The adhesive layer formed between the graphite sheet layer and the stretchable sheet
layer may be segmented along the foldable portions of the graphite sheet layer.

The graphite sheet layer may have an in-plane thermal conductivity of
150W/mK-1700W/mK.

When the stretchable sheet layer is stretched, the length of the stretchable sheet layer
corresponding to the segmented portion of the adhesive layer may be elongated from

greater than 0 to 50% or less, or from greater than 0 to 30% or less.
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Advantageous Effects of Invention

According to the disclosed flexible graphite structure, by making the graphite sheet
unit include at least one stretchable area formed by providing a cutout area or an
overlapping area, the graphite structure can be used as a heat dissipation sheet in a
flexible electronic device to ensure an excellent heat dissipation property.

Brief Description of Drawings

The accompanying drawings, which are incorporated in and constitute a part of the
specification, illustrate embodiments of the present disclosure.

FIGS. 1A, 2A, 3A, 4A, 5A, 6A, 7A, 8A, and 9A are cross-sectional views of flexible
graphite structures according to various embodiments in each of which an overlapping
area is formed as a stretchable area, and FIGS. 1B, 2B, 3B, 4B, 5B, 6B, 7B, 8B, and
9B are respective cross-sectional views of the flexible graphite structures of FIGS. 1A,
2A, 3A, 4A, 5A, 6A, 7A, 8A, and 9A when the flexible graphite structures are
extended in a stretchable direction.

FIGS. 10A and 11A are plan views of graphite sheet layers according to various em-
bodiments in which cutout areas are formed as a stretchable area, and FIGS. 10B and
11B are respective cross-sectional views of the graphite sheet layers of FIGS. 10A and
11A when the graphite sheet layers are extended in a stretchable direction.

FIG. 12A is an actual photograph of a flexible graphite structure according to an em-
bodiment in which an overlapping area is formed as a stretchable area, and FIG. 12B is
an actual photograph of the flexible graphite structure of FIG. 12A when the flexible
graphite is extended in a stretchable direction.

FIG. 13A is an actual photograph of a flexible graphite structure according to an em-
bodiment in which cutout areas are formed as a stretchable area, and FIG. 13B is an
actual photograph of the flexible graphite structure of FIG. 13A when the flexible

graphite is extended in a stretchable direction.

Mode for the Invention

Hereinafter, embodiments of the present disclosure will be described in detail with
reference to the accompanying drawings such that a person of ordinarily skill in the art
to which the present disclosure belongs can easily carry out the present disclosure.
However, the present disclosure may be implemented in many different forms, and is
not limited to the embodiments described herein. In order to clearly describe the
present disclosure with the drawings, parts irrelevant to the description are omitted,
and similar reference numerals are assigned to similar parts throughout the speci-
fication.

Throughout the specification, when a part is "connected” with another part, this

includes not only the case of being "directly connected” but also the case of being "elec-
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trically connected"” with another element interposed therebetween. When a certain part
includes a certain constituent element, it means that the certain part may include other
elements rather than excluding other elements unless specifically stated otherwise.

FIG. 1A is a cross-sectional view of a flexible graphite structure 100 according to an
embodiment of the present disclosure in which an overlapping area is formed as a
stretchable area.

Referring to FIG. 1A, the flexible graphite structure 100 includes a graphite sheet
layer 110 and stretchable sheet layers 120a and 120b attached to both sides of the
graphite sheet layer 110.

The graphite sheet layer 110 includes a graphitized polymer or compressed particles
of exfoliated graphite, and is excellent in longitudinal and transverse thermal con-
ductivity on a two-dimensional plane so that it can be used as a heat dissipation sheet
for dissipating the heat of a heat generating element to the outside.

The graphite sheet layer 110 has a thickness of about 14 um - 940 wum. The graphite
sheet layer 110 may have a thickness of about 14 um - 20 um, including about 15 pm -
19 um, and about 16 um - 18 um. When the graphite sheet layer 110 is used in a
flexible electronic device having a large internal allowable thickness, the graphite sheet
layer 110 may have a thickness of about 20 pm - 30 um, including about 27 wm - 37
um, about 35 um - 45 um, and about 40 um - 50 pm. In addition, the graphite sheet
layer 110 may be have a thickness of 40 um - 940 um. As the thickness of the graphite
sheet layer 110 increases, the heat dissipation performance of the graphite sheet layer
may increase. However, the thickness of the graphite sheet layer 110 may be de-
termined depending on the size of the space allowed in the flexible electronic device in
which the graphite sheet layer 110 is mounted.

The in-plane thermal conductivity of the graphite sheet layer 110 may be about 150
W/mK - 1700 W/mK.

The graphite sheet layer 110 includes at least two foldable portions 130 formed by
folding the graphite sheet layer 110, and between the two foldable portions 130, an
overlapping area OL is formed by the two foldable portions 130. The overlapping area
OL refers to an area where portions of the graphite sheet layer 110 overlap each other
when viewed in the vertical direction of FIG. 1A, that is, in the depth direction of the
flexible graphite structure 100.

The stretchable sheet layers 120a and 120b are attached to both sides of the graphite
sheet layer 110 in a state in which the overlapping area OL by the two foldable
portions 130 are formed on the graphite sheet layer 110. The stretchable sheet layer
includes any materials with the elongation described below, and may include, for
example, at least one selected among the group consisting of polydimethylsiloxane

(PDMS), an epoxy resin, a styrene-based material, an olefin-based material, polyolefin,
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polyurethane, thermoplastic polyurethane, a thermoplastic elastomer, polyamides,
synthetic rubbers, polybutadiene, polyisobutylene, polychloroprene and silicones, but
is not limited thereto.

When a force is applied in the longitudinal direction or the width direction, the
stretchable sheet layers 120a and 120b are elongated along a direction where the force
is applied, and when the force is released, the stretchable sheet layers 120a and 120b
return to the original lengths thereof. The stretchable sheet layers 120a and 120b may
have an elongation of 175% or more, or 200% or more, or 250% or more, wherein the
elongation refers to a ratio of a length of a stretchable sheet layer when a force is
applied thereto relative to the original length of the stretchable sheet without the force
applied thereto,. For example, the original length is 100%, and thus an elongation of
175% would be 75% greater than the original length (100%). In another example, an
elongation of 200% would be two times (twice) the length of the original length
(100%).

The stretchable sheet layers 120a and 120b may include a thermally conductive
material. The thermally conductive material may be a metallic bead, a polymer bead
having a high thermal conductivity, or the like, but is not limited thereto. Since the
stretchable sheet layers 120a and 120b include a thermally conductive material, when
the flexible graphite structure 100 is used as a heat dissipation sheet of an electronic
device, heat generated in the electronic device can be more efficiently radiated to the
outside.

The foldable portions 130 of the graphite sheet layer 110 and the stretchable sheet
layers 120a and 120b are not bonded to each other, and void spaces may be defined.
That is, the overlapping area OL may include void spaces, and the void spaces may
extend in a direction perpendicular to the stretchable of the flexible graphite structure
100. Due to the existence of the void spaces, when a force is applied to the flexible
graphite structure 100, the flexible graphite structure 100 may be extended in the
direction of the force.

FIG. 1B is a cross-sectional view of the flexible graphite structure 100 when the
flexible graphite structure 100 is extended in the stretchable direction.

Referring to FIG. 1B, the flexible graphite structure 100 may be used as a heat dis-
sipation sheet in an electronic device equipped with a flexible display which is
bendable or a foldable display which folds and unfolds, and when a user manipulates
the electronic device such that the display of the electronic device is bent or folded, a
force of pulling the flexible graphite structure 100 to the opposite sides may be applied
to the flexible graphite structure 100.

When the force of pulling the flexible graphite structure 100 is applied to the flexible
graphite structure 100, the stretchable sheet layers 120a and 120b are elongated along
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the direction of the force, and since the graphite sheet layer 110 is integrally bonded to
the stretchable sheet layers 120a and 120b, the graphite sheet layer 110 is also
extended to the opposite sides along the direction of the force. Since the graphite sheet
layer 110 does not have stretchability, if the graphite sheet layer is a flat graphite sheet,
it will not be extended even if a force is applied thereto. However, since the graphite
sheet layer 110 of the flexible graphite structure 100 according to the present em-
bodiment has the overlapping area OL formed by two foldable portions 130, the
graphite sheet layer 110 can also be extended to the opposite sides along the direction
of the force as the foldable portions 130 of the graphite sheet layer 110 are unfolded in
response to the application of the force.

As the graphite sheet layer 110 is extended to the opposite sides, the width of the
overlapping area OL gradually decreases, and when the graphite sheet layer 110 is
maximally extended, the overlapping area OL may disappear.

Since the graphite sheet layer 110 according to the present embodiment has a double-
folded shape including two foldable portions 130, the length of the maximally
extended flexible graphite structure 100 illustrated in FIG. 1B may be longer than the
length of the flexible graphite structure 100 before extension as illustrated in FIG. 1A
by twice the length of the overlapping area OL.

When the user returns the electronic device to its original state after the operation of
bending or folding the display of the electronic device is performed, the force of
pulling the flexible graphite structure 100 is released from the flexible graphite
structure 100. When the force of pulling the flexible graphite structure 100 to the
opposite sides is released, the stretchable sheet layers 120a and 120b are contracted
back to their original lengths, and accordingly, the width of the overlapping area OL
increases while the two foldable portions 130 are also formed in the graphite sheet
layer 110. As the contraction of the stretchable sheet layers 120a and 120b is
terminated, the flexible graphite structure 100 returns to its original shape, that is, to
the shape illustrated in FIG. 1A.

As the force is applied to and released from the flexible graphite structure 100, the
above-described operation is repeatedly performed. Through this operation, heat dis-
sipation of the flexible electronic device can be smoothly performed even when a
graphite structure with a high thermal conductivity but low flexibility is used as a heat
dissipation sheet.

FIG. 2A is a cross-sectional view of a flexible graphite structure 200 according to an
embodiment of the present disclosure in which an overlapping area is formed as a
stretchable area.

Referring to FIG. 2A, the flexible graphite structure 200 includes a graphite sheet
unit 215 including two graphite sheet layers 210a and 210b and stretchable sheet layers
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220a and 220b attached to both sides of the graphite sheet unit 215.

The graphite sheet layers 210a and 210b and the stretchable sheet layers 220a and
220b may be formed of the same materials as the aforementioned graphite sheet layer
110 and the stretchable sheet layers 120a and 120b, respectively, and overlapping de-
scriptions will be omitted.

The graphite sheet unit 215 includes an overlapping area OL formed by overlapping
the two graphite sheet layers 210a and 210b. The overlapping area OL refers to an area
in which the two graphite sheet layers 210a and 210b overlap each other when viewed
in the vertical direction of FIG. 2A, that is, in the depth direction of the flexible
graphite structure 200.

The stretchable sheet layers 220a and 220b are attached to both sides of the graphite
sheet unit 215 in a state in which the overlapping area OL formed by overlapping the
two graphite sheet layers 210a and 210b on the graphite sheet unit 215 is formed.

In the area where steps are formed in the graphite sheet unit 215, that is, in the
overlapping area OL, the end portions of the graphite sheet layers 210a and 210b and
the stretchable sheet layers 220a and 220b are not bonded to each other, and void
spaces are defined. That is, the overlapping area OL may include void spaces on the
opposite sides thereof, and the void spaces may extend in a direction perpendicular to
the stretchable direction of the flexible graphite structure 200. Due to the existence of
the void spaces, when a force is applied to the flexible graphite structure 200, the
flexible graphite structure 200 may be extended in the direction of the force.

FIG. 2B is a cross-sectional view of the flexible graphite structure 200 when the
flexible graphite structure 200 is extended in the stretchable direction.

Referring to FIG. 2B, when a user manipulates the electronic device such that the
display of the electronic device is bent or folded, a force of fulling the flexible graphite
structure 200 to the opposite sides may be applied to the flexible graphite structure
200.

When the force of fulling the flexible graphite structure 200 to the opposite sides is
applied to the flexible graphite structure 200, the stretchable sheet layers 220a and
220b are extended along the direction of the force, and since the graphite sheet unit
215 is integrally bonded to the stretchable sheet layers 220a and 220b, the graphite
sheet layer 210a of the graphite sheet unit 215 moves in one direction, and the graphite
sheet layer 210b moves in the opposite direction to the one direction. In particular,
since the two graphite sheet layers 210a and 210b are not bonded to each other, but are
stacked on each other, the graphite sheet layers can slide and move in the opposite di-
rections by the application of the force. As the two graphite sheet layers 210a and 210b
move in the opposite directions, the graphite sheet unit 215 is also extended to the

opposite sides.
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As the graphite sheet unit 215 is extended to the opposite sides, the width of the
overlapping area OL gradually decreases, and until the overlapping area OL by the two
graphite sheet layers 210a and 210b completely disappears, the flexible graphite
structure 200 can be extended.

When the user returns the electronic device to its original state after the operation of
bending or folding the display of the electronic device is performed, the force of
pulling the flexible graphite structure 200 to the opposite sides is released from the
flexible graphite structure 200. When the force of pulling the flexible graphite structure
200 to the opposite sides is released, the stretchable sheet layers 220a and 220b are
contracted back to their original lengths again, and accordingly, the width of the
overlapping area OL of the graphite sheet unit 215 increases. As the contraction of the
stretchable sheet layers 220a and 220b is terminated, the flexible graphite structure 200
returns to its original shape, that is, to the shape illustrated in FIG. 2A.

In response to forces that are applied to and released from the flexible graphite
structure 200, the above-described operation is repeatedly performed. Through this
operation, heat dissipation of the flexible electronic device can be smoothly performed
even when a graphite structure with a high thermal conductivity but low flexibility is
used as a heat dissipation sheet.

FIG. 3A is a cross-sectional view of a flexible graphite structure 300 according to an
embodiment of the present disclosure in which an overlapping area is formed as a
stretchable area.

Referring to FIG. 3A, the flexible graphite structure 300 includes: a graphite sheet
unit 350 including a graphite sheet layer 310 and adhesive layers 320a and 320b
formed on the graphite sheet layer 310; and stretchable sheet layers 330a and 330b
attached to the outermost both sides of the graphite sheet unit 350.

The graphite sheet layer 310 and the stretchable sheet layers 330a and 330b may be
formed of the same materials as the aforementioned graphite sheet layer and
stretchable sheet layers, respectively, and overlapping descriptions will be omitted.

The graphite sheet layer 310 includes at least two foldable portions 340 formed by
folding the graphite sheet layer 310, and between the two foldable portions 340, an
overlapping area OL is formed by the two foldable portions 340. The overlapping area
OL refers to an area where portions of the graphite sheet layer 310 overlap each other
when viewed in the vertical direction of FIG. 3A, that is, in the depth direction of the
flexible graphite structure 300.

The adhesive layers 320a and 320b may be formed on the portions where the
overlapping area OL is not formed in the graphite sheet layer 310, and it is possible to
make the thickness of the graphite sheet unit 350 substantially uniform by using the
adhesive layers 320a and 320b.
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The adhesive layers 320a and 320b may include at least one of a pressure sensitive
adhesive (PSA), a thermosetting adhesive, a photo curable adhesive, an optical clear
adhesive (OCA), an optical clear resin (OCR), a double-sided adhesive film, and a
single-sided adhesive film, but is not limited thereto. The single-sided adhesive film or
double-sided adhesive film may include, for example, a base layer (not illustrated)
formed of at least one of polyethylene terephthalate (PET), polycarbonate (PC),
aluminum foil, copper foil, and polyimide (PI), and an adhesive layer (not illustrated)
in which an adhesive is applied to one or both sides of the base layer.

There is no particular limitation on the type or shape of the adhesive layers 320a and
320b, but when the adhesive layers 320a and 320b are, for example, in the form of a
single-sided adhesive film, the adhesive layers 320a and 320b may be formed between
the graphite sheet layer 310 and the stretchable sheet layers 330a and 330b by being
disposed and bonded such that the adhesion layers of single-sided adhesive films are
placed on the surfaces facing the graphite sheet layer 310.

The foldable portions 340 of the graphite sheet layer 310 and the adhesive layers
320a and 320b are not bonded to each other, and void spaces may be defined. That is,
the overlapping area OL may include void spaces on the opposite sides thereof, and the
void spaces may extend in a direction perpendicular to the stretchable direction of the
flexible graphite structure 300. Due to the existence of the void spaces, when a force is
applied to the flexible graphite structure 300, the flexible graphite structure 100 may be
extended along the direction of the force.

FIG. 3B is a cross-sectional view of the flexible graphite structure 300 when the
flexible graphite structure 300 is extended in the stretchable direction.

Referring to FIG. 3B, when a user manipulates the electronic device such that the
display of the electronic device is bent or folded, a force of pulling the flexible graphite
structure 300 to either side may be applied to the flexible graphite structure 300.

When the force of pulling the flexible graphite structure 300 to the opposite sides is
applied to the flexible graphite structure 300, the stretchable sheet layers 330a and
330b are stretched along the direction of the force, and since the graphite sheet unit
350 is integrally bonded to the stretchable sheet layers 330a and 330b and the graphite
sheet layer 310 of the flexible graphite structure 300 includes the overlapping area OL
formed by two foldable portions 340, the foldable portions 340 of the graphite sheet
layer 310 are unfolded in response to the application of the force, and the graphite
sheet layer 310 can also be extended to either side along the direction of the force. In
addition, since both sides of the adhesive layer 320a are fixedly bonded to the graphite
sheet layer 310 and the stretchable sheet layer 330a, and the both sides of the adhesive
layer 320b are fixedly bonded to the graphite sheet layer 310 and the stretchable sheet

layer 330b, the adhesive layers 320a and 320b move away from each other in response
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to the extension of the stretchable sheet layers 330a and 330b and the graphite sheet
layer 310.

As the graphite sheet unit 350 is extended to either side, the width of the overlapping
area OL gradually decreases, and when the graphite sheet part 350 is maximally
extended, the overlapping area OL may disappear.

When the user returns the electronic device to its original state after the operation of
bending or folding the display of the electronic device is performed, the force of
pulling the flexible graphite structure 300 to either side is released from the flexible
graphite structure 300. When the force of pulling the flexible graphite structure 300 to
either side is released, the stretchable sheet layers 330a and 330b are contracted back
to their original lengths again, and accordingly, the width of the overlapping area OL
of the graphite sheet part 350 increases. As the contraction of the stretchable sheet
layers 330a and 330b is terminated, the flexible graphite structure 300 returns to its
original shape, that is, to the shape illustrated in FIG. 3A.

In response to forces that are applied to and released from the flexible graphite
structure 300, the above-described operation is repeatedly performed. Through this
operation, heat dissipation of the flexible electronic device can be smoothly performed
even when a graphite structure with a high thermal conductivity but low flexibility is
used as a heat dissipation sheet. In the flexible graphite structure 300 according to the
present embodiment, since it is possible to make the thickness of the graphite sheet
unit 350 substantially uniform in the state before extension by using the adhesive
layers 320a and 320b, it is possible to attach the graphite structure to a flexible
electronic device more easily.

FIG. 4A is a cross-sectional view of a flexible graphite structure 400 according to an
embodiment of the present disclosure in which an overlapping area is formed as a
stretchable area.

Referring to FIG. 4A, the flexible graphite structure 400 includes: a graphite sheet
unit 450 including three graphite sheet layers 410a, 410b, and 410c and adhesive layers
420a, 420b, and 420c formed on the graphite sheet layer 410a, 410b, and 410c; and
stretchable sheet layers 430a and 430b attached to the outermost both sides of the
graphite sheet unit 450.

The three graphite sheet layers 410a, 410b, and 410c, the adhesive layers 420a, 420b,
and 420c, and the stretchable sheet layers 430a and 430b may be formed of the same
materials as the aforementioned graphite sheet layers, adhesive layers, and stretchable
sheet layers, respectively, and overlapping descriptions will be omitted.

The graphite sheet unit 450 includes an overlapping area OL formed by overlapping
the three graphite sheet layers 410a, 410b, and 410c. The overlapping area OL refers to
an area in which the three graphite sheet layers 410a, 410b, and 410c overlap each
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other when viewed in the vertical direction of FIG. 4A, that is, in the depth direction of
the flexible graphite structure 400.

The adhesive layers 420a, 420b, and 420c may be formed on portions where the
overlapping area OL is not formed in the three graphite sheet layers 410a, 410b, and
410c, wherein the adhesive layer 420a may be formed between two graphite sheet
layers 410b and 410c, and the adhesive layers 420b and 420c may be formed between
the graphite sheet layer 410a and the stretchable sheet layers 430a and 430b. It is
possible to make the thickness of the graphite sheet unit 450 substantially uniform by
using the adhesive layers 420a, 420b, and 420c.

There is no particular limitation on the type or shape of the adhesive layer 420a
formed between the two graphite sheet layers 410b and 410c that are spaced apart from
each other. However, when the adhesive layer 420a is, for example, in the form of an
adhesive film, the adhesive layer is preferably a double-sided adhesive film since
adhesion layers are required on the both sides thereof that face the graphite sheet layers
410b and 410c in order to be bonded to the graphite sheet layers 410b and 410c.

When the adhesive layers 420b and 420c formed between the graphite sheet layer
410a and the stretchable sheet layers 430a and 430b are, for example, in the form of an
adhesive film, each of the adhesive layers may not only be a double-sided adhesive
film, but also a single-sided adhesive film since it is sufficient if an adhesion layer can
be disposed on a surface that faces the graphite sheet layer 410a.

In the overlapping area OL, the end portions of the three graphite sheet layers 410a,
410b, and 410c and the adhesive layers 420a, 420b, and 420c are not bonded to each
other, and void spaces may be defined. That is, the overlapping area OL may include
void spaces on the opposite sides thereof, and the void spaces may extend in a
direction perpendicular to the stretchable direction of the flexible graphite structure
400. Due to the existence of the void spaces, when a force is applied to the flexible
graphite structure 400, the flexible graphite structure 100 may be extended along the
direction of the force.

FIG. 4B is a cross-sectional view of the flexible graphite structure 400 when the
flexible graphite structure 400 is extended in the stretchable direction.

Referring to FIG. 4B, when a user manipulates the electronic device such that the
display of the electronic device is bent or folded, a force of pulling the flexible graphite
structure 400 to either side may be applied to the flexible graphite structure 400.

When the force of pulling the flexible graphite structure 400 to either side is applied,
the stretchable sheet layers 430a and 430b are extended along the direction of the
force, and since the graphite sheet unit 450 is integrally bonded to the stretchable sheet
layers 430a and 430b, the graphite sheet layer 410a of the graphite sheet unit 450

moves in one direction, and the graphite sheet layers 410b and 410c move in the
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opposite direction to the one direction. In particular, since the three graphite sheet
layers 410a, 410b, and 410c are not bonded to each other, but are stacked on each
other, the graphite sheet layers can slide and move in the opposite directions by the ap-
plication of the forces. Since the graphite sheet layer 410a and the two graphite sheet
layers 410b and 410c move in the opposite directions, the graphite sheet unit 450 is
also extended to either side.

As the graphite sheet unit 450 is extended to either side, the width of the overlapping
area OL gradually decreases, and until the overlapping area OL by the three graphite
sheet layers 410a, 410b, and 410c completely disappears, the flexible graphite structure
400 can be extended.

When the user returns the electronic device to its original state after the operation of
bending or folding the display of the electronic device is performed, the force of
pulling the flexible graphite structure 400 to either side is released from the flexible
graphite structure 400. When the force of pulling the flexible graphite structure 400 to
either side is released, the stretchable sheet layers 430a and 430b are contracted back
to their original lengths again, and accordingly, the width of the overlapping area OL
of the graphite sheet part 450 increases. As the contraction of the stretchable sheet
layers 430a and 430b is terminated, the flexible graphite structure 400 returns to its
original shape, that is, to the shape illustrated in FIG. 4A.

In response to forces that are applied to and released from the flexible graphite
structure 400, the above-described operation is repeatedly performed. Through this
operation, heat dissipation of the flexible electronic device can be smoothly performed
even when a graphite structure with a high thermal conductivity but low flexibility is
used as a heat dissipation sheet. In the flexible graphite structure 400 according to the
present embodiment, since it is possible to make the thickness of the graphite sheet
unit 450 substantially uniform in the state before extension by using the adhesive
layers 420a, 420b, and 420c, it is possible to attach the graphite structure to a flexible
electronic device more easily.

FIG. 5A is a cross-sectional view of a flexible graphite structure 500 according to an
embodiment of the present disclosure in which an overlapping area is formed as a
stretchable area.

Referring to FIG. 5A, the flexible graphite structure 500 includes: a graphite sheet
unit 550 including two graphite sheet layers 510a and 510b and adhesive layers 520a
and 520b formed on the graphite sheet layer 510a and 510b; and stretchable sheet
layers 530a and 530b attached to the outermost both sides of the graphite sheet unit
550.

The two graphite sheet layers 510a and 510b, the adhesive layers 520a and 520b, and
the stretchable sheet layers 530a and 530b may be formed of the same materials as the
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aforementioned graphite sheet layers, adhesive layers, and stretchable sheet layers, re-
spectively, and overlapping descriptions will be omitted.

The graphite sheet unit 550 includes an overlapping area OL formed by overlapping
the two graphite sheet layers 510a and 510b. The overlapping area OL refers to an area
in which the two graphite sheet layers 510a and 510b overlap each other when viewed
in the vertical direction of FIG. 5A, that is, in the depth direction of the flexible
graphite structure 500.

The adhesive layers 520a and 520b may be formed on the portions where the
overlapping area OL is not formed in the graphite sheet layers 510a and 510b, and it is
possible to make the thickness of the graphite sheet unit 550 substantially uniform by
using the adhesive layers 520a and 520b.

There is no particular limitation on the type or shape of the adhesive layers 520a and
520b, but when the adhesive layers 520a and 520b are, for example, in the form of a
single-sided adhesive film, the adhesive layers 520a and 520b may be formed between
the graphite sheet layers 510a and 510b and the stretchable sheet layers 530a and 530b
by being disposed and bonded such that the adhesion layers of single-sided adhesive
films are placed on the surfaces facing the graphite sheet layers 510a and 510b.

In the overlapping area OL, the end portions of the two graphite sheet layers 510a
and 510b and the adhesive layers 520a and 520b are not bonded to each other, and void
spaces may be defined. That is, the overlapping area OL may include void spaces on
the opposite sides thereof, and the void spaces may extend in a direction perpendicular
to the stretchable direction of the flexible graphite structure 500. Due to the existence
of the void spaces, when a force is applied to the flexible graphite structure 500, the
flexible graphite structure 500 may be extended along the direction of the force.

FIG. 5B is a cross-sectional view of the flexible graphite structure 500 when the
flexible graphite structure 500 is extended in the stretchable direction.

Referring to FIG. 5B, when a user manipulates the electronic device such that the
display of the electronic device is bent or folded, a force of pulling the flexible graphite
structure 500 to either side may be applied to the flexible graphite structure 500.

When the force of pulling the flexible graphite structure 500 to either side is applied
to the flexible graphite structure 500, the stretchable sheet layers 530a and 530b are
extended along the directions of the forces, and since the graphite sheet unit 550 is in-
tegrally bonded to the stretchable sheet layers 530a and 530b, the graphite sheet layer
510a of the graphite sheet unit 550 moves in one direction, and the graphite sheet layer
510b moves in the opposite direction to the one direction. In addition, since the both
sides of the adhesive layer 520a are fixedly bonded to the graphite sheet layer 510b
and the stretchable sheet layer 530a, and the both sides of the adhesive layer 520b are
fixedly bonded to the graphite sheet layers 510a and the stretchable sheet layer 530b,
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the adhesive layers 520a and 520b move away from each other in response to the
extension of the stretchable sheet layers 530a and 530b and the graphite sheet layers
510a and 510b. In particular, since the two graphite sheet layers 510a and 510b are not
bonded to each other, but are stacked on each other, the graphite sheet layers can slide
and move in the opposite directions by the application of the forces. As the two
graphite sheet layers 510a and 510b move in the opposite directions, the graphite sheet
unit 550 is also extended in the opposite directions.

As the graphite sheet unit 550 is extended to either side, the width of the overlapping
area OL gradually decreases, and until the overlapping area OL by the two graphite
sheet layers 510a and 510b completely disappears, the flexible graphite structure 500
can be extended.

When the user returns the electronic device to its original state after the operation of
bending or folding the display of the electronic device is performed, the force of
pulling the flexible graphite structure 500 to either side is released from the flexible
graphite structure 500. When the force of pulling the flexible graphite structure 500 to
either side is released, the stretchable sheet layers 530a and 530b are contracted back
to their original lengths again, and accordingly, the width of the overlapping area OL
of the graphite sheet unit 550 increases. As the contraction of the stretchable sheet
layers 530a and 530b is terminated, the flexible graphite structure 500 returns to its
original shape, that is, to the shape illustrated in FIG. 5A.

As the forces are applied to and released from the flexible graphite structure 500, the
above-described operation is repeatedly performed. Through this operation, heat dis-
sipation of the flexible electronic device can be smoothly performed even when a
graphite structure with a high thermal conductivity but low flexibility is used as a heat
dissipation sheet. In the flexible graphite structure 500 according to the present em-
bodiment, since it is possible to make the thickness of the graphite sheet unit 550 sub-
stantially uniform in the state before extension by using the adhesive layers 520a and
520b, it is possible to attach the graphite structure to a flexible electronic device more
easily.

FIG. 6A is a cross-sectional view of a flexible graphite structure 600 according to an
embodiment of the present disclosure in which an overlapping area is formed as a
stretchable area.

Referring to FIG. 6A, the flexible graphite structure 600 includes: a graphite sheet
unit 650 including three graphite sheet layers 610a, 610b, and 610c and adhesive layers
620a and 620b formed on the graphite sheet layer 610a, 610b, and 610c; and
stretchable sheet layers 630a and 630b attached to the outermost both sides of the
graphite sheet unit 650.

The graphite sheet layers 610a, 610b, and 610c, the adhesive layers 620a and 620b,
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and the stretchable sheet layers 630a and 630b may be formed of the same materials as
the aforementioned graphite sheet layers, adhesive layers, and stretchable sheet layers,
respectively, and overlapping descriptions will be omitted.

The graphite sheet layer 610a includes at least two foldable portions 640 formed by
folding the graphite sheet layer 610a, and between the two foldable portions 640, an
overlapping area OL is formed by the two foldable portions 640. The overlapping area
OL refers to an area where portions of the graphite sheet layer 610a overlap each other
when viewed in the vertical direction of FIG. 6A, that is, in the depth direction of the
flexible graphite structure 600.

The adhesive layers 620a and 620b may be formed on portions where the
overlapping area OL is not formed in the graphite sheet layers 610a, 610b, and 610c,
wherein the adhesive layer 620a may be formed between the graphite sheet layer 610a
and the graphite sheet layer 610b, and the adhesive layer 620b may be formed between
the graphite sheet layer 610a and the graphite sheet layer 610c. It is possible to make
the thickness of the graphite sheet unit 650 substantially uniform by using the adhesive
layers 620a and 620b and the graphite sheet layers 610b and 610c.

There is no particular limitation on the type or shape of the adhesive layers 620a and
620b formed between the graphite sheet layers 610a, 610b, and 610c that are spaced
apart from each other. However, when the adhesive layers 620a and 620b are, for
example, in the form of an adhesive film, the adhesive layers are preferably double-
sided adhesive films since adhesion layers are required on the both sides thereof that
face the graphite sheet layers 610a, 610b, and 610c in order to be bonded to the
graphite sheet layers 610a, 610b, and 610c.

The foldable portions 640 of the graphite sheet layer 610a, the adhesive layers 620a
and 620b, and the graphite sheet layers 610b and 610c are not bonded to each other,
and void spaces may be defined. That is, the overlapping area OL may include void
spaces on the opposite sides thereof, and the void spaces may extend in a direction per-
pendicular to the stretchable direction of the flexible graphite structure 600. Due to the
existence of the void spaces, when a force is applied to the flexible graphite structure
600, the flexible graphite structure 600 may be extended along the direction of the
force.

FIG. 6B is a cross-sectional view of the flexible graphite structure 600 when the
flexible graphite structure 600 is extended in the stretchable direction.

Referring to FIG. 6B, when a user manipulates the electronic device such that the
display of the electronic device is bent or folded, a force of pulling the flexible graphite
structure 600 to either side may be applied to the flexible graphite structure 600.

When the force of pulling the flexible graphite structure 600 to either side is applied
to the flexible graphite structure 600, the stretchable sheet layers 630a and 630b are
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stretched along the direction of the force, and since the graphite sheet unit 650 is in-
tegrally bonded to the stretchable sheet layers 630a and 630b and the graphite sheet
layer 610a of the flexible graphite structure 600 includes the overlapping area OL
formed by two foldable portions 640, as the foldable portions 640 of the graphite sheet
layer 610a are unfolded in response to the application of the force, and the graphite
sheet layer 610a can also be extended to either side along the direction of the force. In
addition, since the both sides of the adhesive layers 620a and 620b are fixedly attached
between the graphite sheet layers 610a, 610b, and 610c, and the both sides of the
graphite sheet layers 610b and 610c are fixedly attached between the stretchable sheet
layers 630a and 630b and the adhesive layers 620a and 620b, the adhesive layers 620a
and 620b and the graphite sheet layers 610b and 610c also move away from each other
in response to the extension of the stretchable sheet layers 630a and 630b and the
graphite sheet layer 610a.

As the graphite sheet unit 650 is extended to either side, the width of the overlapping
area OL gradually decreases, and when the graphite sheet part 650 is maximally
extended, the overlapping area OL may disappear.

When the user returns the electronic device to its original state after the operation of
bending or folding the display of the electronic device is performed, the force of
pulling the flexible graphite structure 600 to either side is released from the flexible
graphite structure 600. When the force of pulling the flexible graphite structure 600 to
either side is released, the stretchable sheet layers 630a and 630b are contracted back
to their original lengths again, and accordingly, the width of the overlapping area OL
of the graphite sheet unit 650 increases. As the contraction of the stretchable sheet
layers 630a and 630b is terminated, the flexible graphite structure 600 returns to its
original shape, that is, to the shape illustrated in FIG. 6A.

As the forces are applied to and released from the flexible graphite structure 600, the
above-described operation is repeatedly performed. Through this operation, heat dis-
sipation of the flexible electronic device can be smoothly performed even when a
graphite structure with a high thermal conductivity but low flexibility is used as a heat
dissipation sheet. In the flexible graphite structure 600 according to the present em-
bodiment, since it is possible to make the thickness of the graphite sheet unit 650 sub-
stantially uniform in the state before extension by using the adhesive layers 620a and
620b and the graphite sheet layers 610b and 610c, it is possible to attach the graphite
structure to a flexible electronic device more easily.

FIG. 7A is a cross-sectional view of a flexible graphite structure 700 according to an
embodiment of the present disclosure in which an overlapping area is formed as a
stretchable area.

Referring to FIG. 7A, the flexible graphite structure 700 includes: a graphite sheet
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unit 750 including four graphite sheet layers 710a, 710b, 710c, and 710d and adhesive
layers 720a and 720b formed on the graphite sheet layer 710a, 710b, 710c, and 710d;
and stretchable sheet layers 730a and 730b attached to the outermost both surfaces of
the graphite sheet unit 750.

The graphite sheet layers 710a, 710b, 710c, and 710d, the adhesive layers 720a and
720b, and the stretchable sheet layers 730a and 730b may be formed of the same
materials as the aforementioned graphite sheet layers, adhesive layers, and stretchable
sheet layers, respectively, and overlapping descriptions will be omitted.

The graphite sheet unit 750 includes an overlapping area OL formed by overlapping
the two graphite sheet layers 710a and 710b. The overlapping area OL refers to an area
in which the two graphite sheet layers 710a and 710b overlap each other when viewed
in the vertical direction of FIG. 7A, that is, in the depth direction of the flexible
graphite structure 700.

The adhesive layers 720a and 720b may be formed on portions where the
overlapping area OL is not formed in the graphite sheet layers 710a, 710b, 710c, and
710d, wherein the adhesive layer 720a may be formed between the graphite sheet layer
710b and the graphite sheet layer 710c, and the adhesive layer 720b may be formed
between the graphite sheet layer 710a and the graphite sheet layer 710d. It is possible
to make the thickness of the graphite sheet unit 750 uniform by using the adhesive
layers 720a and 720b and the graphite sheet layers 710c and 710d.

There is no particular limitation on the type or shape of the adhesive layers 720a and
720b formed between the graphite sheet layers 710a, 710b, 710c, and 710d that are
spaced apart from each other. However, when the adhesive layers 720a and 720b are,
for example, in the form of an adhesive film, the adhesive layers are preferably double-
sided adhesive films since adhesion layers are required on the both sides thereof that
face the graphite sheet layers 710a, 710b, 710c, and 710d in order to be bonded to the
graphite sheet layers 710a, 710b, 710c, and 710d.

In the overlapping area OL, the end portions of the two graphite sheet layers 710a
and 710b are not bonded to the adhesive layers 720a and 720b and the graphite sheet
layers 710c and 710d, and void spaces may be defined. That is, the overlapping area
OL may include void spaces on the opposite sides thereof, and the void spaces may
extend in a direction perpendicular to the stretchable direction of the flexible graphite
structure 700. Due to the existence of the void spaces, when a force is applied to the
flexible graphite structure 700, the flexible graphite structure 100 may be extended
along the direction of the force.

FIG. 7B is a cross-sectional view of the flexible graphite structure 700 when the
flexible graphite structure 700 is extended in the stretchable direction.

Referring to FIG. 7B, when a user manipulates the electronic device such that the
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display of the electronic device is bent or folded, a force of pulling the flexible graphite
structure 700 to either side may be applied to the flexible graphite structure 700.

When a force of pulling the flexible graphite structure 700 to either side is applied to
the flexible graphite structure 700, the stretchable sheet layers 730a and 730b are
extended along the directions of the forces, and since the graphite sheet unit 750 is in-
tegrally bonded to the stretchable sheet layers 730a and 730b, the graphite sheet layer
710a of the graphite sheet unit 750 moves in one direction, and the graphite sheet layer
710b moves in the opposite direction to the one direction. In addition, since the both
sides of the adhesive layers 720a and 720b are fixedly attached between the graphite
sheet layers 710a, 710b, 710c, and 710d, and the both sides of the graphite sheet layers
710c and 710d are fixedly attached between the stretchable sheet layers 730a and 730b
and the adhesive layers 720a and 720b, the adhesive layers 720a and 720b and the
graphite sheet layers 710c and 710d also move away from each other in response to the
extension of the stretchable sheet layers 730a and 730b and the graphite sheet layer
710a and 710b. In particular, since the two graphite sheet layers 710a and 710b are not
bonded to each other, but are stacked on each other, the graphite sheet layers can slide
and move in the opposite directions by the application of the forces. As the two
graphite sheet layers 710a and 710b move in the opposite directions, the graphite sheet
unit 750 is also extended to either side.

As the graphite sheet unit 750 is extended to either side, the width of the overlapping
area OL gradually decreases, and until the overlapping area OL by the two graphite
sheet layers 710a and 710b completely disappears, the flexible graphite structure 700
can be extended.

When the user returns the electronic device to its original state after the operation of
bending or folding the display of the electronic device is performed, the force of
pulling the flexible graphite structure 700 to either side is released from the flexible
graphite structure 700. When the force of pulling the flexible graphite structure 700 to
either side is released, the stretchable sheet layers 730a and 730b are contracted back
to their original lengths again, and accordingly, the width of the overlapping area OL
of the graphite sheet unit 750 increases. As the contraction of the stretchable sheet
layers 730a and 730b is terminated, the flexible graphite structure 700 returns to its
original shape, that is, to the shape illustrated in FIG. 7A.

As the forces are applied to and released from the flexible graphite structure 700, the
above-described operation is repeatedly performed. Through this operation, heat dis-
sipation of the flexible electronic device can be smoothly performed even when a
graphite structure with a high thermal conductivity but low flexibility is used as a heat
dissipation sheet. In the flexible graphite structure 700 according to the present em-

bodiment, since it is possible to make the thickness of the graphite sheet unit 750 sub-
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stantially uniform in the state before extension by using the adhesive layers 720a and
720b, and the graphite sheet layers 710c and 710d, it is possible to attach the graphite
structure to a flexible electronic device more easily.

FIG. 8A is a cross-sectional view of a flexible graphite structure 800 according to an
embodiment of the present disclosure in which an overlapping area is formed as a
stretchable area.

Referring to FIG. 8A, the flexible graphite structure 800 includes: a graphite sheet
unit 870 including three graphite sheet layers 810a, 810b, and 810c and adhesive layers
820a, 820b, 830a, 830b, 840a, and 840b formed on the graphite sheet layer 810a, §10b,
and 810c; and stretchable sheet layers 850a and 850b attached to the outermost both
sides of the graphite sheet unit 870.

The graphite sheet layers 8§10a, 810b, and 810c, the adhesive layers 820a, 8§20b,
830a, 830b, 840a, and 840b, and the stretchable sheet layers 850a and 850b may be
formed of the same materials as the aforementioned graphite sheet layers, adhesive
layers, and stretchable sheet layers, respectively, and overlapping descriptions will be
omitted.

The graphite sheet layer 810a includes at least two foldable portions 860 formed by
folding the graphite sheet layer 810a, and, between the two foldable portions 860, an
overlapping area OL is formed by the two foldable portions 860. The overlapping area
OL refers to an area where portions of the graphite sheet layer 810a overlap each other
when viewed in the vertical direction of FIG. 8A, that is, in the depth direction of the
flexible graphite structure 800.

The adhesive layers 820a and 820b may be formed on portions where the
overlapping area OL is not formed in the graphite sheet layers 810a, 810b, and 810c,
wherein the adhesive layer 820a may be formed between the graphite sheet layer 810a
and the graphite sheet layer 810b, and the adhesive layer 820b may be formed between
the graphite sheet layer 8§10a and the graphite sheet layer 810c. The adhesive layers
830a and 830b may be formed between the graphite sheet layers 810a and 8§10b and
the stretchable sheet layer 850a, and the adhesive layers 840a and 840b may be formed
between the graphite sheet layers 810a and 810c and the stretchable sheet layer 850b.
In addition, the adhesive layers 830a, 830b, 8§40a, and 840b formed between the
graphite sheet layers 8§10a, §10b, and 810c and the stretchable sheet layers 850a and
850b may be segmented along the foldable portions 860 of the graphite sheet layer
810a. It is possible to make the thickness of the graphite sheet unit 850 substantially
uniform by using the adhesive layers 820a, 820b, 830a, 830b, 840a, and 840b and the
graphite sheet layers 810b and 810c.

There is no particular limitation on the type or shape of the adhesive layers 8§20a and
820b formed between the graphite sheet layers 810a, 810b, and 810c that are spaced
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apart from each other. However, when the adhesive layers 820a and 820b are, for
example, in the form of an adhesive film, the adhesive layers are preferably double-
sided adhesive films since adhesion layers are required on the both sides thereof that
face the graphite sheet layers 810a, 810b, and 810c in order to be bonded to the
graphite sheet layers §10a, 810b, and 810c.

When the adhesive layers 830a, 830b, 840a, and 840b formed between the graphite
sheet layers 810a, 810b, and 810c and the stretchable sheet layers 850a and 850b are,
for example, in the form of an adhesive film, each of the adhesive layers may not only
be a double-sided adhesive film, but also a single-sided adhesive film since it is
sufficient if an adhesion layer can be disposed on a surface that faces the graphite sheet
layer 810a, 810b, or 810c.

The foldable portions 860 of the graphite sheet layer 8§10a, the adhesive layers 820a
and 820b, and the graphite sheet layers 810b and 810c are not bonded to each other,
and the adhesive layers 830a, 830b, 840a, and 840b are segmented along the foldable
portions 860, void spaces may be defined therebetween. Accordingly, the overlapping
area OL may include void spaces on the opposite sides thereof, and the void spaces
may extend in a direction perpendicular to the stretchable direction of the flexible
graphite structure 800. Due to the existence of the void spaces, when a force is applied
to the flexible graphite structure 800, the flexible graphite structure 800 may be
extended along the direction of the force.

FIG. 8B is a cross-sectional view of the flexible graphite structure 800 when the
flexible graphite structure 800 is extended in the stretchable direction.

Referring to FIG. 8B, when a user manipulates the electronic device such that the
display of the electronic device is bent or folded, a force of pulling the flexible graphite
structure 800 to either side may be applied to the flexible graphite structure 800.

When the force of pulling the flexible graphite structure 800 to either side is applied
to the flexible graphite structure 800, the stretchable sheet layers 850a and 850b are
stretched along the direction of the force, and since the graphite sheet unit 870 is in-
tegrally bonded to the stretchable sheet layers 850a and 850b and the graphite sheet
layer 810a of the flexible graphite structure 800 includes the overlapping area OL
formed by two foldable portions 860, the foldable portions 860 of the graphite sheet
layer 8§10a are unfolded in response to the application of the forces, and the graphite
sheet layer 810a can also be extended to either side along the direction of the force. In
addition, since the adhesive layers 820a, 820b, 830a, 8§30b, 840a, and 840b and the
graphite sheet layers 810b and 810c are fixedly stacked between the graphite sheet
layer 810a and the stretchable sheet layers 850a and 850b, the adhesive layers §20a,
830a, and 840b and the graphite sheet layer 810b move away from the adhesive layers
820b, 830b, and 840a and the graphite sheet layer 8§10c in response to the extension of



WO 2023/282659 PCT/KR2022/009844

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

22

the stretchable sheet layers 850a and 850b and the graphite sheet layer §10a.

When the stretchable sheet layers 850a and 850b are elongated, the stretchable sheet
layers 850a and 850b corresponding to the segmented portion between the adhesive
layers 830a and 830b and the segmented portion between the adhesive layers 840a and
840b may be elongated from greater than 0 to 50% or less or from greater than O to
30% or less.

As the graphite sheet unit 870 is extended to either side, the width of the overlapping
area OL gradually decreases, and when the graphite sheet part 870 is maximally
extended, the overlapping area OL may disappear.

When the user returns the electronic device to its original state after the operation of
bending or folding the display of the electronic device is performed, the force of
pulling the flexible graphite structure 800 to either side is released from the flexible
graphite structure 800. When the force of pulling the flexible graphite structure 800 to
either side is released, the stretchable sheet layers 850a and 850b are contracted back
to their original lengths again, and accordingly, the width of the overlapping area OL
of the graphite sheet unit 8§70 increases. As the contraction of the stretchable sheet
layers 850a and 850b is terminated, the flexible graphite structure 800 returns to its
original shape, that is, to the shape illustrated in FIG. §A.

FIG. 9A is a cross-sectional view of a flexible graphite structure 900 according to an
embodiment of the present disclosure in which an overlapping area is formed as a
stretchable area.

Referring to FIG. 9A, the flexible graphite structure 900 includes: a graphite sheet
unit 960 including four graphite sheet layers 910a, 910b, 910c, and 910d and adhesive
layers 920a, 920b, 930a, 930b, 940a, and 940b formed on the graphite sheet layer
910a, 910b, 910c, and 910d; and stretchable sheet layers 950a and 950b attached to the
outermost both sides of the graphite sheet unit 960.

The graphite sheet layers 910a, 910b, 910c, and 910d, the adhesive layers 920a,
920b, 930a, 930b, 940a, and 940b, and the stretchable sheet layers 950a and 950b may
be formed of the same materials as the aforementioned graphite sheet layers, adhesive
layers, and stretchable sheet layers, respectively, and overlapping descriptions will be
omitted.

The graphite sheet unit 960 includes an overlapping area OL formed by overlapping
the two graphite sheet layers 910a and 910b. The overlapping area OL refers to an area
in which the two graphite sheet layers 910a and 910b overlap each other when viewed
in the vertical direction of FIG. 9A, that is, in the depth direction of the flexible
graphite structure 900.

The adhesive layers 920a and 920b may be formed on portions where the
overlapping area OL is not formed in the graphite sheet layers 910a, 910b, 910c, and
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910d, wherein the adhesive layer 920a may be formed between the graphite sheet layer
910b and the graphite sheet layer 910c, and the adhesive layer 920b may be formed
between the graphite sheet layer 910a and the graphite sheet layer 910d. The adhesive
layers 930a and 930b may be formed between the graphite sheet layers 910a and 910c
and the stretchable sheet layer 950a, and the adhesive layers 940a and 940b may be
formed between the graphite sheet layers 910b and 910d and the stretchable sheet layer
950b. In addition, the adhesive layers 930a, 930b, 940a, and 940b formed between the
graphite sheet layers 910a, 910b, 910c, and 910d and the stretchable sheet layers 950a
and 950b may be segmented along the end portions of the graphite sheet layers 910a
and 910b in the overlapping area OL. It is possible to make the thickness of the
graphite sheet unit 960 substantially uniform by using the adhesive layers 920a, 920b,
930a, 930b, 940a, and 940b and the graphite sheet layers 910c and 910d.

There is no particular limitation on the type or shape of the adhesive layers 920a and
920b formed between the graphite sheet layers 910a, 910b, 910c, and 910d that are
spaced apart from each other. However, when the adhesive layers 920a and 920b are,
for example, in the form of an adhesive film, the adhesive layers are preferably double-
sided adhesive films since adhesion layers are required on the both sides thereof that
face the graphite sheet layers 910a, 910b, 910c, and 910d in order to be bonded to the
graphite sheet layers 910a, 910b, 910c, and 910d.

When the adhesive layers 930a, 930b, 940a, and 940b formed between the graphite
sheet layers 910a, 910b, 910c, and 910d and the stretchable sheet layers 950a and 950b
are, for example, in the form of an adhesive film, each of the adhesive layers may be
not only a double-sided adhesive film, but also a single-sided adhesive film since it is
sufficient if an adhesion layer can be disposed on a surface that faces the graphite sheet
layer 910a, 910b, 910c, or 910d.

In the overlapping area OL, the end portions of the two graphite sheet layers 910a
and 910b are not bonded to the adhesive layers 920a and 920b and the graphite sheet
layers 910c and 910d, and the adhesive layers 930a, 930b, 940a, and 940b are
segmented along the end portions of the graphite sheet layers 910a and 910b in the
overlapping area OL, so void spaces may be defined therebetween. Accordingly, the
overlapping area OL may include void spaces on the opposite sides thereof, and the
void spaces may extend in a direction perpendicular to the stretchable direction of the
flexible graphite structure 900. Due to the existence of the void spaces, when a force is
applied to the flexible graphite structure 900, the flexible graphite structure 900 may be
extended along the direction of the force.

FIG. 9B is a cross-sectional view of the flexible graphite structure 900 when the
flexible graphite structure 900 is extended in the stretchable direction.

Referring to FIG. 9B, when a user manipulates the electronic device such that the
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display of the electronic device is bent or folded, a force of pulling the flexible graphite
structure 900 to either side may be applied to the flexible graphite structure 900.

When the force of pulling the flexible graphite structure 900 to either side is applied
to the flexible graphite structure 900, the stretchable sheet layers 950a and 950b are
extended along the directions of the forces, and since the graphite sheet unit 960 is in-
tegrally bonded to the stretchable sheet layers 950a and 950b, the graphite sheet layer
910a of the graphite sheet unit 960 moves in one direction, and the graphite sheet layer
910b moves in the opposite direction to the one direction. In addition, since the
adhesive layers 920a, 920b, 930a, 930b, 940a, and 940b and the graphite sheet layers
910c and 910d are fixedly stacked between the graphite sheet layers 910a and 910b
and the stretchable sheet layers 950a and 950b, the adhesive layers 920a, 930a, and
940b and the graphite sheet layer 910c move away from the adhesive layers 920b,
930b, and 940a and the graphite sheet layer 910d in response to the extension of the
stretchable sheet layers 950a and 950b and the graphite sheet layer 910a and 910b. In
particular, since the two graphite sheet layers 910a and 910b are not bonded to each
other, but are stacked on each other, the graphite sheet layers can slide and move in the
opposite directions by the application of the forces. As the two graphite sheet layers
910a and 910b move in the opposite directions, the graphite sheet unit 960 is also
extended to either side.

As the graphite sheet unit 960 is extended to either side, the width of the overlapping
area OL gradually decreases, and until the overlapping area OL by the two graphite
sheet layers 910a and 910b completely disappears, the flexible graphite structure 900
can be extended.

When the user returns the electronic device to its original state after the operation of
bending or folding the display of the electronic device is performed, the force of
pulling the flexible graphite structure 900 to either side is released from the flexible
graphite structure 900. When the force of pulling the flexible graphite structure 900 to
either side is released, the stretchable sheet layers 950a and 950b are contracted back
to their original lengths again, and accordingly, the width of the overlapping area OL
of the graphite sheet unit 960 increases. As the contraction of the stretchable sheet
layers 950a and 950b is terminated, the flexible graphite structure 900 returns to its
original shape, that is, to the shape illustrated in FIG. 9A.

FIG. 10A is a plan view of a graphite sheet layer 10 that is applicable to a flexible
graphite structure according to an embodiment of the present disclosure in which
cutout areas are formed as a stretchable area.

Referring to FIG. 10A, the graphite sheet layer 10 includes two cutout areas 12a and
12b, and the two cutout areas 12a and 12b are provided in a symmetric manner in the

graphite sheet layer 10. The graphite sheet layer 10 may be formed of the same
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material as the above-described graphite sheet layers, and overlapping descriptions will
be omitted.

The length of the two cutout areas 12a and 12b in a direction perpendicular to the
stretchable direction E of the graphite sheet layer 10 may be shorter than the length of
the graphite sheet layer 10 in the perpendicular direction, the cutout area 12a cuts one
end portion of the graphite sheet layer 10, and the cutout area 12b cuts the other end
portion of the graphite sheet layer 10. In addition, the length of the two cutout areas
12a and 12b in the direction perpendicular to the stretchable direction E is 90% or less,
or 75% or less of the length of the graphite sheet layer 10 in the perpendicular
direction.

Since the length in the direction perpendicular to the stretchable direction E of the
cutout areas 12a and 12b is shorter than the length of the graphite sheet layer 10 in the
perpendicular direction, the graphite sheet layer 10 is connected in one sheet in the
other areas than the cutout areas 12a and 12b.

In the graphite sheet layer 10, void spaces are defined by the cutout areas 12a and
12b, and the void spaces extend in a direction perpendicular to the stretchable direction
E.

FIG. 10B is a plan view of the graphite sheet layer 10 when the flexible graphite
structure in which stretchable sheet layers (not illustrated) formed on the both sides of
the graphite sheet layer 10 are extended in the stretchable direction E.

Referring to FIG. 10B, a flexible graphite structure including the graphite sheet layer
10 may be used as a heat dissipation sheet in an electronic device equipped with a
flexible display which is bendable or a foldable display which folds and unfolds. When
a user manipulates the electronic device such that the display of the electronic device is
bent or folded, a force of pulling the graphite sheet layer 10 of the flexible graphite
structure to either side may be applied to in the graphite sheet layer 10.

When a pulling force is applied to the graphite sheet layer 10 in the stretchable
direction E, the stretchable sheet layers formed on the both sides of the graphite sheet
layer 10 are stretched along the direction of the force. Since the graphite sheet layer 10
is integrally bonded to the stretchable sheet layers, the graphite sheet layer 10 is also
extended in the stretchable direction E along the direction of the force.

Since the graphite sheet layer 10 does not have stretchability, if the graphite sheet
layer is a flat graphite sheet, it will be torn without being extended even if a force is
applied thereto. However, since the graphite sheet layer 10 includes the cutout areas
12a and 12b, the graphite sheet layer 10 can also be extended in the stretchable
direction E along the direction of the force in response to the application of the force.

When the user returns the electronic device to its original state after the operation of

bending or folding the display of the electronic device is performed, a pulling force in
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the stretchable direction E is released from the graphite sheet layer 10 of the flexible
graphite structure. When the force of pulling the graphite sheet layer 10 in the
stretchable direction E is released, the stretchable sheet layers are contracted back to
the original length thereof, and accordingly the cutout areas 12a and 12b of the
graphite sheet layer 10 are also reduced. As the contraction of the stretchable sheet
layers is terminated, the graphite sheet layer 10 returns to its original shape, that is, the
shape illustrated in FIG. 10A.

FIG. 11A is a plan view of a graphite sheet layer 20 that is applicable to a flexible
graphite structure according to an embodiment of the present disclosure in which
cutout areas are formed as a stretchable area. FIG. 11B is a plan view of the graphite
sheet layer 20 when the flexible graphite structure in which stretchable sheet layers
(not illustrated) formed on the both sides of the graphite sheet layer 20 are extended in
the stretchable direction E.

Referring to FIGS. 11A and 11B, the graphite sheet layer 20 includes two cutout
areas 22a and 22b, and the cutout areas 22a and 22b may each have a shape in which
one end thereof is bent in the stretchable direction E. Since the features of the graphite
sheet layer 20 and the two cutout areas 22a and 22b are the same as those of the above-
mentioned graphite sheet layer 10 and two cutout areas 12a and 12b, a description
thereof will be omitted.

FIG. 12A is an actual photograph of a flexible graphite structure according to an em-
bodiment in which an overlapping area is provided as a stretchable area, in the state in
which an overlapping area is formed, that is, the state before a force of pulling the
flexible graphite structure to either side is applied to the flexible graphite structure.

FIG. 12B is an actual photograph when the flexible graphite structure of FIG. 12A is
extended in the stretchable direction. When a force of pulling the flexible graphite
structure of FIG. 12A to either side is applied to the flexible graphite structure, the
width of the overlapping area is gradually reduced while the stretchable sheet layers
and the graphite sheet layer of the flexible graphite structure are extended to either side
along the direction of the force. When the graphite sheet layer is maximally extended,
the overlapping area may disappear, and a shape illustrated in FIG. 12B may be
exhibited.

When the force of pulling the flexible graphite structure of FIG. 12B to either side is
released, the stretchable sheet layer is contracted back to its original length, and thus
the overlapping area is formed again so that the flexible graphite structure may return
to the shape of FIG. 12A.

FIG. 13A is an actual photograph of a flexible graphite structure according to an em-
bodiment in which cutout areas are formed as a stretch area. Two cutout areas are

formed in the flexible graphite structure in a direction perpendicular to the stretchable
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direction. Since the lengths of the two cutout areas are shorter than the lengths of the
graphite sheet layers in a direction parallel thereto, the graphite sheet layers are
connected in one sheet other than the two cut areas.

FIG. 13B is an actual photograph when the flexible graphite structure of FIG. 13A is
extended in the stretchable direction. When a force of pulling the flexible graphite
structure of FIG. 13A to either side is applied, the cutout areas of the graphite sheet
layer can be widened and the graphite sheet layer can also be extended along the
direction of the force.

When the force of pulling the flexible graphite structure of FIG. 13B to either side is
released, the stretchable sheet layer is contracted back to its original length, and ac-
cordingly, the cutout areas of the graphite sheet layer are also reduced. As the con-
traction of the stretchable sheet layer is terminated, the flexible graphite structure may
return to its original shape, that is, the shape illustrated in FIG. 13A.

As the force is applied to and released from the graphite sheet layers 10 and 20 of the
flexible graphite structure, the above-described operation is repeatedly performed.
Through this operation, heat dissipation of the flexible electronic device can be
smoothly performed even when a graphite structure with a high thermal conductivity
but low flexibility is used as a heat dissipation sheet.

In the above, flexible graphite structures have been described with reference to the
embodiments illustrated in the drawings, but these are only exemplary. A person of or-
dinarily skill in the art will understand that various modifications and equivalent other
embodiments are possible therefrom. It should be understood that while the em-
bodiments illustrated in the drawings include up to four graphite sheets layers in the
graphite structures, the graphite structures of the present disclosure include a single
graphite sheet layer or multiple graphite sheet layers, including but not limited to at
least two graphite sheet layers, at least three graphite sheet layers, at least four graphite
sheet layers, at least five graphite sheet layers, etc. Therefore, the embodiments
disclosed herein should be considered from a descriptive viewpoint, rather than from a
restrictive viewpoint. The scope of the present disclosure is represented in the
following claims rather than in the foregoing description, and all differences within the
scope equivalent thereto should be construed as being included in the scope of the
present disclosure.

While certain embodiments have been described, these embodiments have been
presented by way of example only, and are not intended to limit the scope of the dis-
closures. Indeed, the embodiments described herein may be embodied in a variety of
other forms. Furthermore, various omissions, substitutions and changes in the form of
the embodiments described herein may be made without departing from the spirit of

the disclosures. The accompanying claims and their equivalents are intended to cover
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Claims

A flexible graphite structure comprising:

a graphite sheet unit comprising a single graphite sheet layer or
multiple graphite sheet layers having at least one stretchable area; and
a stretchable sheet layer configured to be attached to at least one of
both outermost sides of the graphite sheet unit and to cover the at least
one stretchable area,

wherein the at least one stretchable area is formed by providing at least
one pair of cutout areas in the single graphite sheet layer or by
providing an overlapping area where the single graphite sheet layer or
the multiple graphite sheet layers overlap.

The flexible graphite structure of claim 1, wherein the overlapping area
is formed by providing at least two foldable portions in the single
graphite sheet layer such that the overlapping area is provided between
the foldable portions or is formed by overlapping a portion of the
multiple graphite sheet layers.

The flexible graphite structure of claim 1, wherein the at least one pair
of cutout areas are provided in a point symmetric manner in the single
graphite sheet layer, and

the single graphite sheet layer is connected in one sheet in the other
areas than the cutout area.

The flexible graphite structure of claim 3, wherein the at least one pair
of cutout areas have a smaller length than the graphite sheet layer in a
direction perpendicular to a stretchable direction of the flexible graphite
structure.

The flexible graphite structure of claim 4, wherein the length of the at
least one pair of cutout areas is 90% or less or 75% or less of the length
of the graphite sheet layer in the direction perpendicular to the
stretchable direction of the flexible graphite structure.

The flexible graphite structure of claim 1, wherein the at least one
stretchable area comprises a void space extending in the direction per-
pendicular to the stretchable direction of the flexible graphite structure.
The flexible graphite structure of claim 6, wherein the void space is
defined between a graphite sheet layer provided in another area than the
overlapping area and a graphite sheet layer provided in the overlapping
area, or defined by the at least one pair of cutout areas.

The flexible graphite structure of claim 2, wherein if a force is applied
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to the flexible graphite structure, the graphite sheet unit is extended, the
stretchable sheet layer is elongated in a direction where the graphite
sheet unit is extended, and the width of the overlapping area is reduced.
The flexible graphite structure of claim 8, wherein if the force is
released, the stretchable sheet layer is contracted and the width of the
overlapping area is increased.

The flexible graphite structure of claim 3, wherein if a force is applied
to the flexible graphite structure, the graphite sheet unit is extended, the
stretchable sheet layer is elongated in a direction where the graphite
sheet unit is extended, and the size of the void space of the at least one
pair of cutout areas is increased.

The flexible graphite structure of claim 10, wherein if the force is
released, the stretchable sheet layer is contracted and the size of the
void space of the at least one pair of cutout areas is reduced.

The flexible graphite structure of claim 1, wherein the graphite sheet
layer comprises a graphitized polymer or compressed particles of ex-
foliated graphite, or a combination thereof.

The flexible graphite structure of claim 1, wherein the stretchable sheet
layer comprises at least one selected among the group consisting of
PDMS (polydimethylsiloxane), an epoxy resin, a styrene-based
material, an olefin-based material, polyolefin, polyurethane, ther-
moplastic polyurethane, a thermoplastic elastomer, polyamides,
synthetic rubbers, polybutadiene, polyisobutylene, polychloroprene,
and silicones.

The flexible graphite structure of claim 1, wherein the stretchable sheet
layer has an elongation of 175% or greater, or 200% or greater, or
250% or greater.

The flexible graphite structure of claim 1, wherein the stretchable sheet
layer comprises a thermally conductive material.

The flexible graphite structure of claim 1, wherein the graphite sheet
layer has a thickness of 15 um -19 um, or 16 wum -18 pm.

The flexible graphite structure of claim 2, wherein the graphite sheet
unit comprises an adhesive layer provided in the graphite sheet layer,
the graphite sheet unit having a uniform thickness.

The flexible graphite structure of claim 17, wherein the adhesive layer
comprises at least one selected among the group consisting of a
pressure sensitive adhesive (PSA), a thermosetting adhesive, a photo

curable adhesive, an optical clear adhesive (OCA), an optical clear
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resin (OCR), a double-sided adhesive film, and a single-sided adhesive
film.

The flexible graphite structure of claim 18, wherein when the adhesive
layer is formed between the multiple graphite sheet layers spaced from
each other, the adhesive layer is a double-sided adhesive film.

The flexible graphite structure of claim 18, wherein when the adhesive
layer is formed between the graphite sheet layer and the stretchable
sheet layer, the adhesive layer is a single-sided adhesive film.

The flexible graphite structure of claim 20, wherein the single-sided
adhesive film is bonded to a surface facing the graphite sheet layer.
The flexible graphite structure of claim 20, wherein the adhesive layer
formed between the graphite sheet layer and the stretchable sheet layer
is segmented along the foldable portions of the graphite sheet layer.
The flexible graphite structure of claim 12, wherein the graphite sheet
layer has an in-plane thermal conductivity of 150W/mK-1700W/mK.
The flexible graphite structure of claim 22, wherein when the
stretchable sheet layer is stretched, the length of the stretchable sheet
layer corresponding to the segmented portion of the adhesive layer is
elongated from greater than O to 50% or less, or from greater than O to
30% or less.
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